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COPING WITH PLASTIC SCINTILLATORS
IN NUCLEAR SAFEGUARDS*

P. E. Fehlau and G. S. Brunson
Los Alamos Natlonal Laboratory
Malil Stop J562
Los Alamos, New Mexico 87545

Summary

Plastic scintillators offer several advantages for nuclear
safeguards research and technology to those who design,
assemble, encapsulate, and callbrate detectors from raw
materials that are commercially available. These large,
inexpensive detectors have good spatial uniformity and good
high-energy gamina-ray response. Unlform light enllection la
obtained with a light plpe attached to a polished seintillator
wrapped with aluminuin foil. Hest low-energy response is

obtained by applylng a varianae analyzer to selact the low-

energy bilas level,

Introduetion

Organic gammma-ray scintillators are characterized -by-

thelr fast response, moderate gamma-ray interaction, and
avallability In a wide variety of sizes and shapes. These
nroperties make organle scintillators, particularly solid
organic—plastic seintillators, the best choice in nuclear safe-
guards for a number of applications ranging from assaying
containeras for fissile content to perlmeter radiation moni-
toring of personnal and vehicles. Unfortunately, the appropri-
ate plastic scintillator for the job often is commerecially
available only as raw material rather than as a finished
radiation detector. Thus, a potential user must design hls
detector; purchase, asseinble, and encapsulate the compo-
nents; and then evaluate and calibrate the finished detector.
As these steps are seldom required with other gamma-ray
dotectors, the potential user may not have the necessary
informatior or experience to carry them out. The goal of
this paper is to describe the properties of plavtie scintillators
that make them so useful and to outline a procedure for
constructing detectors for gamma-radlation monitors,

Porimoter-Monitoring Datoctors

Perimoter monitors in nuclear swnfeguards tnust senso
gamma radiation in tie energy range 0.1 to about 1 MeV,
In that ruange, gamma reys interact with plastic scintillntors
by Compton scattaring, and the fruction of ineldent radiation
dotected (intrinale dotection effleloney) Iy smaller then
would be the case for tho sume size lnorganie seintillators—
Nal(Tt), for exninple--whare the gnmma rays Internet by the
photoclectrie effect, ilowever, a low intrinsie  doteetion
efficloney ean be tolorated ih plastica because the low offi-
cleney can be couwpensated for by he large detector area.
I'he area is inereayed rathar than the thickness because the
{mprovement in performance {8 lnoar  with  area but
snturatos exponentially with thioknoss,

An oxample of the Intrinnie dataction afficlency and its
varintion with gammn-ray anergy for our plastic seintiliator,
NE-102,** appears in Fig, 1. For comparivon, the samo in-
formation for n Nal(l't) dotoctor of fdentienl thickness s

*Thiv work was supported by the US Dapartmant of Ennrgy,
Office of Sufagunrds and Security, and the UR Dafennn
Nuclonr Aguney through the US Naval Electronfes Systems
Command.

**Nuclear Enterprisas Ltd,, Roading, England. S'milar mate-
rinl ix avallable in the US from Bicron Comp,, Nawbury, Ohilu.

shown; if this were the only basis for cholce, the Nal(Tt)
detector would be used exclusively. However, performance is
based on total efficieney, whieh, in this case, Is proportional
to the proauct of intrinsic efficiency and area. An example
of total efflelency for two perimeter monitors with similar
performance (Fig. 2) shows the plastic ‘o0 have greater total
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Fig, 1. The measured intrinsic gamma-ray detection effi-

clenay of 3.8-em-thick NE-102 plastia and Nal(Tt) scintilla-
tors illustrates that gamna-ray absorption ls better In
inorganie seintillators.
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1K, 2. ‘Tho total gamma-ray deteation efficlanoy of monitors
having J.H-vm-thick deteotoes with deteotor areas In the
ratlo of L to 1 shows an adyvantuge for the larger plastic
detectory, Tha datector cost for the plastic monitor in nlso
fava=nble, about half that for tha Nal('T1) monitor,



ency over most of the gamma-ray energy region, yet .

the total detector cost for the plastic monitor is about half
the Nal(Tt) detector cost. Other advantages of plastic
scintillators are better area coverage by the larger detectors
and relative freedom from temperature and mechanical shock.

Detector Design and Consatruction

The large size of plastlc scintillators causes light collec-
tion to be more variable than In smaller Inorganic secintilla-
tors where direct or diffuse reflected light collection can
provide gocd uniformity. Total internal reflection is neces-
sary in large seintillatorsy however, it can transmit only part
of the light from a distant cintillation,’ usually less than
50%; a single photomultipli- at the end of a long narrow
scintillator can collect light only at Its attachment polnt.
However, scintillations In a large detector that are near the
photomultiplier allow direct light collection and result in
a much larger response. The extremes are lllustrated In
Pig. 3(a) and (b), Adding a light pipe betwaen photomultiplier
and scintillator serves tn reduce direct light coilection and
{mprove the homogeneity of tho detzeter,! Fig. 3(c) and (d).

(n)

(v)

With light collection depending on total internal reflec-
tion, plastic scintillators must be fabrlcated and assembled
to assure a smooth interface between the secintillator and
the surrounding air. Techniques developed for optimizing
cosmie-ray detectors apply here and result in four general
rules.

1. The scintillator should be a polished rectanguiar phosphor
with a uniform cross section, a polished licht guide, and a
mirror on the surface opposite the photomultiplier.’

2. The sides of the scintillator should be made totally reflec-
ting by loosely wrapping them with aluminum foil."

3. An original glass-cast surface is better for total internal
reflection than a good polished surface."

4. The light pipe length is determined from the secintillator
cross section and the critical angle at the scintillator-air
interface. The product of the cross-section diagonal and the -
tangent of the oritical angle Is & minimum length for the
light pipe.*’

(e)

Flge 3. The pulsa-helght rosponse of i pinstie seintilintor (7.8-0m wide, 3,8-em thick, and D1-¢m lopg NE=-10%) to n '’ Na souren
placad at (1) the seintillator Toot wend (L) the opposite (Lhotomultipiiae) and. Direet Hght collection oateibuton more in (n) nl
(1) thany in (e) and (1} whera a 1247 cn=lomg roctangular Light plpe has beon added,



The rluminum foil wrapping can be household foil held In
place with black polyvinylehloride (PVC) tape. The black
tape forms a lighttight enclosure when applied in multiple
layers with adequate care to completely cover the edges and
joints (Fig. 4J.

The next step in assembling a detector is to attach the
photomultiplier tube, The photomultiplier tube selected may
have its diameter equal to the scintillator thickness or it may
be larger. The more photosensitive surface in contact with
the scintlllator, the larger the pulse height obtained. Usually
a single photomultiplier will suffice, although more than one
can be used. The photomultipliers are the end-window type
and have blalkali photocathodes for minimum noise. A slmple
fixture [Fig. 5/a)] holds the photomultiplier in place at an
opening cut 1n the foil-tape covering. The fixture ean be
attached with strapping tape and light nealed with PVC tape

at its edges. The photomultiplier is coupled to the scintilla-
tor with optical coupling grease and light sealed with PVC
tape at the fixture. Further mechanical attachment and
magnetic shielding may be required, but is not shown on the
assembled detector in Fig. 5(b).

Detector Electronics

The signal-conditioning elactronics for plastic scintil-
lators in perimeter monitors consits of a bleeder string photo-
multipller base (operating at about 1-kV high vonltage for a
Hamamatsu®* 580 photomultiplier), a scintillation preampli-
fier, a pulse amplifier (with a gain of approximately 1280),
and a single channel analyzer.

*Hamamatsu Corp., Middlesex, New Jersey.

Fig. 4. (a) llousehold aluminum foil loosely wrappad around
the seintillator provides an alr Interfaca for the seintillntor
and sarvon as a mirror, partioularly at the foot of the
detector, (D) A black tape wrapping secures the foll amd
forma n lighttight enclosure,

(h)

¥ig 8. {n) A simplo bolding (Ixture for the photomultiplier iy
n:lulolmdlnv?lr m: oponing in the reintidintor ooverlye, (b) The
photomuitiplier is coupled to the seintilin®or wnd i J
with a finnl lnyer of tape, e TRnt santed



" The operating parameters for plastic- selntillators _are
much like Inorganic scintillators except that, for plastie, the.
" intrinsic detection efficiency is greatly dependent on the:
lowar level diseriminator (LLD) bias level. The family of,
curves in Fig. 6 Illustrates the influence of bias level on effi-|
clency over a wide gamma-ray energy range. The maximum-
efflcien2y is -ed for the lowest bias voltage; however, it:
is possible to lu.  the blas to the point that more than just
gamma-ray scintl. ‘ons are counted. Then, the statistics of
‘ecounting can chang ° resulting in a larger variance in the
signal-count distrlbutiun and a correspondingly higher perim-
eter monitor false-alarmm rate. An acceptable bias level
can be achieved most reulily by cirect examination of the
counting statisties. If the ount distribution is Poisson, as it
should be for proper operation, the varlance will equal the
mean. 4n Instrument that does the necessary counting and
calculating (Fig. 7) is describec in another paper submitted to
this conference.” The Instrument, called a varlance
analyzer, counts the single channel analyzer output and
carries out a ocontinuing sequence of repetitive samples.
Each group of 30 samples is analyzed to determine its mean
and varlance und these values in turn determine a result R.

R = (varlance)'® - (mean)'*
(mean)*'

Both Individual results and a running average of result values
are displayed. A result average batween -0,1 and +0.1 ls
aaceptable and a procedure of varying the LLD voltage and
restarting the varlance analyzer is followed until the desired
result appears. '

With the variance analyzcr available, plastio seintilla-
tors become as easy to use as lnorganic seintillators whose
photoeleotric peaks aid calibration. The variance analyzer
‘offers an additional advantage because {t I3 sensitive
to electrical noise orlglnating In any part of the signal-
vconditioning electronles; thus, achieving an adeguate result
verifies the entire sy:tem and assures that the monitor will
perform as expected.
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Mg, 4, ‘I'e blas voltage of the lowar 1avel diserlminntor has
a pronounceed influence on the inteinsle of fleleney of n plastie
scintillntor over a wide gammn-rny energy enge. Nest
peeformanee iy obtained at the lowest prstienl voltage.
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Fig. The variance analyzer permits the proper LLD

7.
voliage to be rapidly determined.
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